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Abstract 
The thermal deformations of a press actuator are the major contributor of thermal error. In this paper, in order to estimate 
thermal error of press machine, calculation models using the finite element method. The temperature filed distribution and 
thermal errors of press machine are steady state simulated under the maximum loading operating condition. The results of 
simulation can provide a foundation for optimization design of press machine and thermal error compensation.  
 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Nagoya University and Toyohashi University of Technology. 
Keywords: FEM;Thermal error;Error forecast;Thermal characteristics 
1. Introduction  
In recent years, with the development of the high precision machining, the thermal characteristics of high-speed 
machine played an important role in high-precision by many studies. According to the research of RWTH 
AACHEN University 50% of deformation error caused by thermal error in the modern machine parts 
manufacturing error [1]. Researchers of University of Birmingham reported that 40-70% of error in precision parts 
arises from thermal error [2]. The research of University of Michigan, University of Tokyo, Berlin institute of 
Technology has important influence [3]. 
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In drive system, there are many possible thermal deformation parts such as spindle, bearings, guide ways, screw 
by friction or loading. But the most significant factor of machining precision is thermal deformation of spindle [4]. 
It is a hard work and high costs to collect data from experiments that the studies on replacing an experiment with a 
simulation have become more and more significant in this field. In this paper, the analysis of press machine mainly 
includes spindle, bearing, linkages, slider and other accessories such as distance sleeve and so on. Composition and 
principle schematic of press machine is shown in Fig. 1. In order to estimate the thermal error of the spindle system 
and effectiveness of coolant system, a calculation model using the finite element method was developed. The finite 
element method is used to simulate the bearing heating and the temperature distribution. Result of thermal 
deformation is obtained by analysis on steady state, thus guides the design of actuator. 
 
 
Fig.1. Composition and principle sketch of press. 
1üMotor;2üSmall belt pulley;3üAdditional weight;4üCrank shaft;5üBig belt pulley;6üClutch;7üFrame; 
8üLinkage;9üSlider;10üUpper die;11üSheet metal;12üLower die;13üBacking plate;14üWorktable 
2. Thermal model 
For the purpose of this paper, use of FEM as an important thermal error forecasting method must be based on 
the following assumptions [5].  
x Grooves on the screw shaft are negligible; in other words, the screw shaft is a hollow cylinder. 
x The heat convection coefficient is a constant value, not related temperature, or the moving and stopping. 
x Considering the high rotational speed of spindle, the roller in bearings can be replaced by a circular ring with 
constant cross section. 
x Frictional heat generation from the nut and bearings is a constant value. 
2.1. Finite element modelling 
The solid simplified model of press machine is built by using Solidworks and the finite element model for 
spindle is established using the ANSYS software package, as shown in Fig. 2. Because the joints between the 
alternator and the covers are far from the bearings, the influence of the thermal resistances of these joints on the 
thermal characteristics of the whole actuator can be neglected. So only the thermal contact resistances between the 
bearing outer rings and bearing support, and the inner rings and the spindle neck have been considered. There are 
ten joints in the spindle, shown as Fig. 3. From left to right, the bearings are marked A, B, C and D, respectively. 
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The position error of the spindle system caused mainly thermal deformation of the spindle. Therefore, in this paper, 
the cylindrical rollers were replaced with heat sources. The heat flux boundary was set on the area between 
cylindrical rollers and bearings, convective heat transfer boundaries were set on areas exposed to the ambient air. 
According to the parameters, the heat productivity and convection coefficient can be calculated as the reason of 
thermal forecast. 
 
 
Fig.2. Finite element model. 
 
 
Fig.3. Spindle system. 
2.2. Heat generation and heat transfer 
The major heat generation of the system is caused by the friction between the rollers and races of the bearings[6]. 
The heat generated of rolling bearing is computed by the following equation: 
41.047 10Q nM u ,                                                                                                                                  (1) 
where Q is the heat generated power (W), M is the total frictional torque of the bearing (Nmm), n is the rotating 
speed of the bearing (rmp). The total frictional torque M consists of two parts, one is the torque M1 due to applied 
load and the other one is the torque M2 due to viscosity of lubricant. The former can be approximated by the 
following equation:  
1 2M M M  ,                                                                                                                                           (2) 
hhere 
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1 1 1 mM f P d ,                                                                                                                                                (3) 
where f1 is a factor related to the bearing type and load, p1 is the bearing preload (N), dm is the mean diameter of 
the bearing (mm). 
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where f0 is a factor related to bearing type and lubrication method, v0 is the kinematic viscosity of the lubricant 
(mm2/s). 
When the spindle rotates, air flows along the spindle surface at the constant speed, which is very similar to the 
situation in which the air flows along a flat plate. This kind of convection is called forced convection. According to 
the theory on computing the coefficient of convection heat transfer of a flat plate when air flows along it, the 
coefficient of a flat plate when air flows along it, the coefficient of convection heat transfer of spindle surface can 
be computed[7] by the following equation: 
fluid uk Nh
d
 ,                                                                                                                                                 (6) 
where Nu is Nusselt number, which is computed from Reynolds number Re and the Prandtl number Pr as shown in 
following equations, Kfluid is the thermal conductivity of the ambient air and when the convection occurs at outer 
surfaces of along cylinder, such as a shaft, d is the diameter of the cylinder. 
Nu of the air is calculated by the following formula: 
11
320.664 Re PruN  u u .                                                                                                                              (7) 
Nu of coolant in roller is calculated by the following formula: 
11
320.332 Re PruN  u u .                                                                                                                              (8) 
Where  
fluid
fluid du
X

 Re ,                                                                                                                                                (9) 
where ufluid is the airflow velocity, vfluid is the kinematic viscosity of air. Under normal temperature, all the 
results are shown in Table1. 
Table 1. Results of calculation. 
 Q of the bearing (W) h of coolant (W/m3.k) h of air (W/m3.k) 
Result of bearing A 1193.7 958.267 14.539 
Result of bearing B 1319.4 867.0035 14.539 
Result of bearing C 1445 791.6119 14.539 
Result of bearing D 1424.7 802.9226 14.539 
3. Numerical simulation of spindle  
The analysis includes the steady state and thermal-structure coupling. For steady state analysis, the temperature 
distribution of the actuator is presented. For thermal-structure coupling analysis, the thermal deformation of the 
actuator is calculated.  
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3.1. Temperature Analysis 
The SOLID70 element of ANSYS and the free meshing method are adopted. Fig. 4 shows the steady state 
temperature distribution of the whole spindle system at a rotational speed of 600 rpm and the reference temperature 
is 20 °C. The temperature at the linkages is much higher than others. The highest temperature appears at the 
bearings B, because the heat generation powers of the bearings B are much greater than others and the thickness of 
the bearings B support is smaller than that of other bearings support, the highest temperature is 44.2795 °C and the 
biggest temperature rise is 24.2795 °C . 
 
 
Fig. 4. Temperature field distribution of spindle system.                        Fig. 5. Thermal displacement of spindle system. 
3.2. Thermal-structure Coupling Analysis 
Fig. 5 shows the thermal-structure of the actuator and the structural element SOLID185 is adopted to calculate 
the displacement of it. The displacement at the spindle is larger than that at the others, and the synthetic 
displacement of slider is 0.0151mm. The simulation is made in the rectangular coordinate system with Z-axis along 
the spindle axis, and therefore the radial thermal error can be derived from the deformations in the X-direction and 
Y-direction that are shown in Fig. 6(a) and (b), the X- and Z-component displacements of which are 0.0151 mm 
and 0.00415 mm, respectively. 
 
 
Fig. 6. (a).Nephogram of thermal displacement in X direction.               (b).Nephogram of thermal displacement in Z direction. 
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Table 2. Results comparison of simulation value and theoretical value.. 
 X-displacement (mm) Z-displacement (mm)  SUM-displacement (mm) 
Simulation value 0.0151 0.00415 0.0151 
Theoretical value 0.0148 0.00318 0.0151 
Allowable range -0.02~0.02 -0.01~0.01 -0.02~0.02 
4. Conclusions  
In this paper, a actuator of press machine is taken as the research object. The finite element analysis method is 
adopted to make the thermal analysis and the distribution of temperature field and the thermal deformation are 
predicted effectively. The results show that X-component displacement is main error fountain for thermal 
displacement. The finite element analysis can provide reference for design of press machine and thermal error 
compensation. 
Analysis includes the steady state and thermal-structure coupling. For steady state analysis, the temperature 
distribution of the actuator is presented. For thermal-structure coupling analysis, the thermal deformation of the 
actuator is calculated.  
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